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FLIGHT TESTS OF DIVE-RECQVERY ·FLAPS ON AN XP-5l AIRPLANE 
By De E . Bee l er and Walter C. Willia'1ls 
. SUMMARY 
. "2 
. . 
A fli ght investigation was made to de termine the 
effectiveness of dive - recovery flaps i nstalled on the 
XP-5l a irplane as a safety devi ce · for re covery from con-
templa ted termina l-velo city dives . This dive -recovery-
flap installation is described and results are presented 
of measureme nts obtained during stick- free .pull-up s .a nd 
pull-outs' made by deflec.ting the dive-re covery f l ap s 'f6 
two selec t e d values of flap an~le. Tests were mad e for 
a range of Mach n1l..l'nbe rs t o a .7b at an al·tltude of approxi-
mately 20,000 feet. 
The results of the tests showed that the flap effec-
ti veness decreasfjld after a Ma ch n umber of 0 .65 was reached 
and ind icated that a satisfactory d ive recovery could be 
made by def lecting the dive-recover y flaps 21.50 at ,Ma ch 
numbers up to the estimated terminal M6.ch numbe r of the 
airplane . Results calculated from data obtained 'in tests 
u~ing a 300 flap deflecti on indicated that the design 
load factor may be exceeded duri ng high-speed di ve recov~ 
eries 'a t a ltitudes below 15,000 feet. The tests further 
shQwe d that no bvffeting occurred when the f lap~ were 
deflected and tha t no r oll ing of the airplane was 
encountered duri ng tests when the flaps were def l e cted 
unequally . 
INTRODUCTION 
Considerable .difficu lty has been encountered in 
recovering from high-speed di ves with pres ent - day fi~hter 
airplanes. (See r eference 1.) Unpublished wind-
tunnel tests of the Lockheed P-38 ai r p l ane and' fl ight ' 
tests of the Republic P-47 air plane have shown t hat 
di ve-re covery flaps, whi ch are small au.. ..dli"'ry flaps 
on the under surface of the wing, ar e eff ective in pro-
ducing the 'accele r a tion r equired to effe ct Ci dive pull-out 
;. 
2 ' 
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at high speeds, even when other .·controls prove use l ess . 
The No r.th Ameri~an.XP - 5l airplane, on which dive tests 
up to the terminEl.l Mach number were being made, was 
therefore equipped with dive-recoYery. flaps as a safetj 
measure. 
Tests of th~ ' dive-recovery flaps were made as part 
of the general program of dive tests. A description of 
the design and installation of d ive - recovery f laps is 
presented herein together with data obtained in flight 
to determine their effect i veness. 
APPARATUS 
Airplane. - Tests were made of the dive ~recovery 
flaps installed on an XP -51 a irplane. A p'hotogr~ph of 
':,. the. airplane is shown in fi gure 1 and pertinent dimen-
' .. sions ~nd data are g i ven in the following table: 
.~f .. 
.... ~. ". Airplane 
... ,1 " 
, .' 
.. , 
"C?v,er - a l) length . . . . . . . 32 ft 2~ in. 
11 ft 9 in . 
. 7870 
Height . . . . . . . . . . 
.· Oro-ss weight (at take - off) 
.· Center of gravity (at take - off), 
pe r cent mean aerodynamic chord 
' . 28 · 4 
. Engine 
.·. Rating : 
. Take- of f ' 
Militar y 
Normal 
Propel l er 
Diamete r . . . . 
Number of blades 
Allison V- 17l0- 83 
1150 horsepower at 2800 rpm 'and 
46. 8 in. mercury at sea leve l 
1150 horsepower at 3000 rpm and 
45 .9 in. mercury at 9600 ft 
1000 horsepower at 2600 rpm and 
39.5 in. mercury at 9000 ft 
Curtiss constant - speed 
10 ft 6 in . 
3 
- ----~.--, -~ 
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Wing 
Area, sq ft . . . . 
Span, ft . . . 
3 
Mean aerodynamic chord, in. .. . . . 
. 235·75 
37·03 
79·60 
Leading edge of mean aerodynamic chord 
relative to leading edge of root 
chord, in . . . . . . . . . . . 8.0 above 
6.1 behind 
Horizontal tail 
Area, sq ft 
Span, in. . 
. 41.8 
158 . 0 
Dive -r~covery flaps .- The dive - recovery flaps were 
designed and instal l ed at the Lang l ey Laboratory of 
the NACA. The size and l ocation of the dive-recovery 
flaps are shown in figu r e 2 . . These flaps were construc-
ted of 1/4- inch nild steel , were attached at the leading 
edge by a piano hinge, and were hydraulically operated. 
External views of the flap installation are shown in 
figure 3 . The size and location of the flaps were 
selected to simulate as nearly as possible the dive-
recovery flaps on the p- 47C·airplane. The relative size 
and location of the flaps, based on wing dimensions, on 
the P-47C and XP - 51 airp l anes is shown in the following 
table: 
Ratio of Ratio of 
Airplane flap span flap chord to wing to wing 
span chord 
P-47C 0.1960 0 .0796 I XP-51 , 1350 .0875 
I Location of Chordwise 
Ratio 
flap 
of inboard end location of 
area of flap, per- flap hinge 
ng cent semispan line, percent to wi 
are 
0 . 01 
.01 
a f r om plane of local 
symmetry wing chord 
----+-------------~-----
24 32.8 
30.0 
31.7 
66 L 25 ·3 
------~~--------~ 
The ratio of flap span to flap chord was somewhat dif -
ferent for the XP - 51 airp l ane from the ratio for the 
P-47C airplane. Thi s differen ce, however, could not be 
avoided since the flap span of the XP - 51 airplane was 
limited by structural consider ations, and the chord was 
increased to maintain an area proportional to the area 
of the flap of the P- 47C airplane. These same structural 
considerations prevented placing the dive-recovery flap 
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as f ar inboard as the di ve-r e covery flap o n the P- 47 C air -
Dlane. An attempt was made, however, to have as much of 
the flap as possible in front of the ho rizontal tail , 
since wind - tunnel tests have shown t ha t a part of t he 
effecti ve 1ess of the fla p s is due t o a cha n ge ln downwash 
at the tail . An initial dive - recovery fl ap deflection 
of 300 was use d. because experience has shown that gr ea t e r 
deflections would cause s e rious buffeting . 
Instruments. - In the t e sts . of the dive - recovery flaps 
o n the XP - 51 airplane, standard NA CA recording instru -
ments, synchronized by means of ·a timer , live re used to 
obtain the follo ing quantities: 
Indicated a irspee d 
No r ma l a nd l ongitudinal acceleration 
A.ltitude 
Eleva t or position 
Dive-recovery- f lap posi t ion 
Elevator and ai l eron st i ck forces 
Pitchin g angular ve l ocity 
Pressure variat on a t orifice o n upper surface of 
stabilizer (see fig . 2) 
Temperature of the f r ee air was obtai ned from an indi-
cating r esis t ance thermometer corrected for adiabatic 
rise. 
s.YNl BOLS 
Ln incremental normal dc cele rat io n , g uni ts 
6 Fe elevato r stick -force increment , pound s 
x l o n g itudi na l position of center of gravi ty, per -
cent mean ae r odynami c chord 
6x percent chan ge in center-·of - g r avity posi tio n from 
se l e c t ed v a lue 
dFe/dn stick force ,er g, pounds per g 
dive - recovery- flap def l ection, degree s 
standard ai r den sity , slugs p er cubic f oo t 
1 
I 
- i 
I 
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a veloci t y of sound, feet per second 
W gro ss weight of airplane, pounds 
M Mach number 
0e elevator deflection , degr ees 
TESTS, RESULTS, AND DISCUSSION 
The characteristics of the dive - reco very flap s on 
the XP-51 ai rplane were investigated a t Iv1ach numbers 
ranging from 0.27 to 0 .76 . The airplane was trimmed for 
zero stick force in gl i di n g flight at a given sgeed and 
then the di ve-recov e ry flap s we re def l ected. Records 
were taken of the dive -re co v e ry-flap deflection and the 
ensuing maneuv er. The pi l o t was instruct ed to simulate 
the stick ~fr ee condition dur i n g the maneuve r a nd to use 
control only to prevent ex cessive accelerations. The 
test runs were all ~ade a t a pressure altitude of approxi-
mately 20,000 feet. 
Time historie s of use of the dive - reco very flaps 
wi th the ini t ia I di ve - re c()yery.- fl.ap def Ie ction· of 300 
a re shown in figures ~_ to 10 . These figures show that 
the i ncrease in normal ac celera t io.n due to use o f the 
dive-recover y flaps is smooth a n d sLmilar to that which 
a pilo t would effect in a d ive pull-otit. It may be 
n o t e d that even though in s eve r al of thes e man e uvers 
the d ive-recover y flaps did not def l e ct eq ~ally, the 
pilo t r e ported no appre ciable rolling, which indicates 
that s ome d i fferent i a l - flap action can be tolerated . 
The time histor i es of pr essure coefficient p/q at an 
orifice on the upper surfa c e of the horizontal tai l 
(fig . 2) were used to dete r mine whether any tail buf-
feting occurred duri ng use of the di v e -reco very flaps. 
The data confirmed the p ilo t 's opinion that no buffeting 
occurred. The size and length of tubing connecting the 
orifice to the recording pressure cell was such that 
oscillations of about 25 cycles per second or less could 
easily be recorded. 
From the data g iven in fi gures 4 t o 10, the change 
in normal ac c e l e ration on due to' use of the dive -
recovery flap s a t various Mach n umbers was det e rmined. 
., . " . ' 
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, ' 1f t. : 
These values of ' ~n arS ' ~iven in table I . In evaluating 
these data the M,ach number was taken . at the time, of appli-
cation of the dive~re2o~ery flap~; the altitude a~d flap 
defle ction used we r e tho se at whi ch maXimtIDl acceleration 
occurred . In the case of unequa1 di~e~recovery- flap 
deflection, a mean value. of ri ght , and left dive - recovery-
flap def lectio n was used. ' ' Ih figures 4 to 10 some · slight 
variations in the altitude and dive - recovery - flap deflec-
ti o n, which tend to intro duce scatter in the measured 
results" are s hown to occur a ·t the time of maximum acce l-
eration. In addition, some experimental scatter resulted 
from the pilot!s anplying small amounts . of elevator stick 
force du~ing ' th~ maneuVer ~nd from slight differences in 
the weight and center - of - gravity position for the various 
. runs. ' Because of these differences, the valueaof normal 
acceleration du e to use of the di ve - r .ecovery flaps were 
corrected t G the following selected conditions : 
Change in e le'vator stici< force during maneuver 
Altitude, feet ..... 
Flap deflection, degrees 
. W~ight " pounds . " . . . . . 
Center-of - gravity position, percent mean 
aerodyna'lli c chord . . , . . ... 
. . . ° 
20,000 
. . '. . 30 
7750 
28 .4 
i . ' : 
" Itlco r 're cting the data t o the f or'ego ing co nditions, 
it was · assumed that the operatio n of the dive -re-co ve,ry 
_,. fJ,aps ' does not change the slope of the wi ng-lift curve,. 
". th~t · ~ the effect o f the dive-recovery flaps is linear 
~ithin _ a small range of flap deflections o n eithe r side 
I : ~f tbe selscted flap def l e ction , and that , the resultant 
. change. in normal acceleration or change in lift coeffi -
. aient is independent of the lift coefficient fo r trim 
,w,i,th the d i ve -re co very flaps undefle cted . 
. The values o f incremental normal acceleration were 
,', corrected ' to zero change in ' e l evato r stick fo rce and o nly 
the elevator stick forces were corrected f o r center - of -
gravity position by the following equation : 
(
dFe') 
dn s 
+ H~~:2 6XJ l, dx 
. I 
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, " 
wher~ s~bscript s denotes the selected conditions pre-
viously specified . The value of 6n was not corrected 
for change in center - of - gravity position because the 
effect of this variable had not been determined from 
flight tests. It is thought, however, that Buch a cor-
rection would have a larger effect on the measured results 
than the correction obtained from 
d (dF'e) 
_\.,..d_n_ 6x. 
dx 
The values of dFe/dn a nd the rate of change 
of dFe/dn with center-of - gravity position were deter-
mined from the flight t e sts as 8. 5 and 1.2, respectively, 
for the selected center - of-gravity position. In deter-
, mining 6Fe , stick-force increments of le ss than 1 pound 
were ignored since such values would be within the accu-
racy of the control-force recorder. The increment 6Fe 
was determi ned as any change in applied stick force that 
would contribute to a change in the acceleration resulting 
from deflection of the dive - recovery flaps. The values 
of 6Fe and 6x used are given in table I. Values of 
incremental normal a cceleration co~rected for stick-force 
change and center-of - g r avity positidn are also given in 
table' I. 
The va lues of i 'ncrementa l ac'celeration tn were 
cdrrected to the selected ,altitude, flap deflection, and 
weight by the following equation: 
Values of 6n 3 are given in "table I. These values are 
shown p'lotted against Mach number in figure 11. Curves 
are also given in figure 11, which show the effect of 
the dive-recovery flaps at altitudes rangi ng from 10,000 
to 25,000 feet . These curves were derived by the fol-
lowing equation ~ 
= 
(pa)2 alt 
6n20,OOO .ft 2) . (pa 20 000 ft , 
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In calculating the effect of the dive - recovery flaps at 
altitudes other than 20,000 feet, the same assumption 
was made as in correcting the da ta to the selected alti -
tude - that is, the resultant change in normal accelera -
tion is independent of the lift coefficient required to 
trim the airplane with the d ive - recovery flaps undeflected. 
As can be seen in figure 11, d ive-re covery flap s deflected 
300 can cause ac celera tion increments at the lower alti -
tudes in excess of the . design load factor of the airplane, 
When this possibility became evident, the d ive - recovery-
flap deflection was reduced to 21.50 and tests were 
repeated. 
Figures 12 to 21 are time histories of the test runs 
made with the d ive - recovery f l aps deflected 21 . 50 . The 
change in norma l acceleration with Mach nunbe r was deter -
mined and the va lues of incremental 'acceleration were 
corrected to the selected conditions in the sa~e way as 
for the tests of the dive -recovery flaps deflected 300 . 
The variatiop of change in normal acceleration due to 
defl'ecting the dive-reco very flaps 21.5 0 with N~ ach number 
is shown in fi gure 22 ; The curve shown for the variation 
of normal acceleration witb Mach number at a n alt itude 
of 20;000 feet was obtained from the correct ed tes t 
results a nd the curves fo r other altitudes ' ere calculated 
on the basis of these results. Figure 22 shows that the 
dive-recovery flaps set at 21.50 wi ll produ ce an adequate 
stick - f~ee dive ~ecoveri at all p r actical alt itudes within 
the Mach number ' range tested without e.xceeding the limit 
load f actor of the airplane . . 
Figures 11 and 22 show that the max im urr: effectiveness 
of the dive - recovery flap when deflected oce rs at a Ma ch 
n umber of. approximate ly 0.65 with a decrease in effec-
tiveness as the Mach number is increased. Also , no con-
sistent trend is apparent whe n test val ue s of either 
flap - deflection setting are corrected to 21.5 0 or to 300 ; 
therefore the effect of the flaps can be considered to 
be linear between these two angles. 
Tests to termina l Mach number of the airp lane, which 
is estimated to be 0 . 82 , have not been made using the 
di ve - recovery flaps. The present data, however, indicated 
tha t the dLv.e-re covery flaps. wO.uld in an emergency effe ct 
a satisfactory dive recovery a t the estimated terminal 
Mach nt~ber of the XP - 5 1 airplane . 
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The elevator de.flections that · ... Nould cause a ch8.nge 
in longitudinal trln equi va'_ent to that caused by 
deflecting the di ve - recoveX'Y' flc:.ps Yvere deternLi..ned by 
f'lyj.ng w:i.th the flaps undeflected a.nd ~'itb the fians 
deflected 300 • 'I'he- c1ata obtained are gi7en in fig'.J.l'e 23, 
wh:tch shows that defle c t:tng the dive - recovery flaps 30 0 , 
in the r.1ach numbe r range tested , vmuld rest!.l t 1. n a ~o r:nal 
acceleration corresponding ~o that obtained with approxi-
mately 2 0 change in elevator deflection . At very hig.h 
Mach numbers, howeve r , the elevators may be c ome rel atively 
less effective i n producing a chan ge i n n6rmal accele r a -
tion. . 
Wi nd-tunnel t e s t·s have shown tha t the change' in 
longi tud.lnnl trim provided by the di ve - recover y flap s 
at high Ma ch numbe rs is c a u sed by a ch ange in pitchi ng 
moment of tbe wing and by a change in ang le ' of attack 
of the fai 1. The e ffe ct of change i n pi t chi ng moment of 
the wing is r a ther small c ompared wi th t he effect of the 
change in angl e of e.tt ack at the tail when t he dive-
r ecove r y flaps are place d at about one-thlrd of the vving 
chord behind the l eadi n g edge . If the'flaps are instal l ed 
farther back on the \i\r!. n g , the wing :Jitcbing mO .. ne nt becomes 
negative and is of such magnitude as t o canse a n appreciable 
reduction in the effec t of t he di ve - recove ry f:aps . 'I_e 
two fact ors that contribute to the angle-of - attack chnnge 
at the tail are : (1 ) a d o crease in anele of at tack to 
maintain the same lift (change in the angle of zero lj.ft), 
and (2 ) a change in ,lawn ~ra s.h 9. t thG t;ai 1 c1. 1...1e too. chB.nee 
in spanwi se lo ~tding on the wi:ng . The c ll,anGe i n downwash 
at the tail due to the altered span-wise l oading can be 
seen to be Grea test when the d. ve - re cove r y flaps are 
directly ahead of the tail . 
Available data j. ndicatec1 tbE't selection of satj s -
factory dive - recovery f l aps for .any conventional airplane 
is po ssible. The flaps should be located approximately 
one-third of the wi n g chord behind the leading edge and 
should be ahead of the horizontal tEil. The selection of 
dimensions of the di ve - recovery fla)s should be based on 
wing dimension s as in the preser>.t c ase. So(tlewl1at smaller 
dive - recovery flaps could p robably be to16r&ted if the 
di ve - recove ry-fl ap defl e cti on were i ncr-eased. 'l"be rate 
of di ve - reco v er y - fla p d efl cct"_on sl10uld bo si mil a r to 
that used in the pre s ent tests sinco 10'lll'c r rates rrigl1t 
resu..l t in a slower recovery with a P8sul tant grea ter loss 
of altitude i n r e covery even though the s ame value of 
- " ' ---- , , ~-~---
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maximum acceleration would finally be reached. Flight 
tests , as in the present inves tiga tion , will probably be 
necessary to obtain the final f lap configuration, but a 
step- by- step test program similar to the one described 
herein can be conducted with a minimum amount of danger 
invo l ved. 
CONCLUSIONS 
From results of f l ight tests to determine the effec-
tiveness of dive-recovery flaps as installed on the North 
Ame r ican XP - 51 airp l ane the following conclusions were 
drawn : ' 
.. 
1. The dive - recovery flaps on the,XP~51 airplane 
provided a smooth dive recovery at high speed s with little 
lag between deflection of the fla s and th~ resultant 
acceleration. 
2. The effectiveness of th~ di ve - recovery flaps 
varied linearly with deflection within the deflection 
range tested; 
3. The effectiveness of the dive -recovery flaps 
incr eased with a n increase in Mach number t.p to 0 . 65 and 
then gradua lly decreased with further increase n Ma ch 
number. 
4. No buffeting resulted f r om the use of the dive -
recovery flaps at any s peed tested a nd no rolling of the 
airplane was encountered during tests when the flaps 
were deflected unequally . 
5. The data indicate that the di ve - recov~ry flaps 
used on the XP-5l airplane, when deflected 21.50 , will 
probab l y effe ct satisfactory dive reco very up ' to the 
estimated terminal Ma ch numbe r for the airplane without 
exceeding the design load factor 8i1"·1'\,r~)e r e 1 n t he 
spe~d range . Results ca lculated from data obtained 
in tests u sing a 300 flap deflection ind icated that the 
NASA ACR No. L5D20a 
design load factor ms.y be exc eeded at hi gh speed at 
altitudes below 15,000 feet. 
Langley Memorial Aeronautica l Laboratory 
National Advisory Committee for Aeronautics 
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Figure 2.- Location of dive-recovery flaps on the 
XP-5l airplane. 
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(a) Flap deflected 30°. 
(b) Flap fully retracted . 
Fi gure 3.- Dive-recovery flap located on left wing 
of the XP-51 airpl a ne. 
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Figure 16,- Variation of b~slc measured quantities during dlve-recovery-flap 
deflection. Dive-recovery flap deflection, 21.50 ; wei ght, 7750 pounds; 
center-of-gravity position, 28 . 05 percent mean aerodynaMic chord. 
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FLgure 17.- Variation of basic measured quantities during dive -recovery- flap 
deflecti on. Dlve -recovery- flap deflection, 21 . 50 ; weight,7720 pounds; 
cente r-of-gral,ity posltion, 27.97 percent mlllln aerodynamic chord . 
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Flgure 19. - Varlat10n of baslc measured quant1tles durlng dive-recovery-flap 
deflection. Dive-recovery-flap deflectIon. 21.5 0 ; weIght,7180 pounds; 
center-of-gravlty positlon. 28.12 percent mean aerodynamic chord . 
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F1gure 20.- Var1ation of basic measured quantities during dlve-recovery-tlap 
deflection. Dive-recovery-flap deflection. 21.50 ; weigh~7720 pounds; 
center-of-gravity pos1t1on, 27.97 percent mean aerodynamIc chord. 
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Figure 21 .- Variation of basic measured quantities during dive -rec overy-flap 
deflection . Dive-recovery-flap deflection, 21.5 0 ; weight , 7660 pounds; 
center-or-gravity position, 27.81 percent mean aerodynamic chord . 
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figure 22.- Variation of normal acceleration due to use of the dive-recovery 
flaps with Mach number at various altitudes. Dive-recovery-flap deflec-
tion 21.5 0 : XP-5l airplane. 
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Figure 23.- Elevator deflection required to mainta1n trim during dive with 
dive-recovery flap s deflected and with dive-recovery flaps retracted. 
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